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Resumen:
Este artículo desarrolla un modelo de valoración de activos en tiempo continuo para 
la economía global.  En el artículo demuestro que un mercado financiero integrado, 
los retornos de los activos domésticos tienen un componente que compensa a los 
inversionistas por la exposición a riesgo extranjero y demuestro que, este riesgo 
extranjero puede ser capturado por el retorno del carry trade.  Usando un modelo de 
valoración de activos multi-factorial pruebo por la presencia del riesgo global como 
un componente que afecta el retorno de las acciones norte americanas.  El modelo 
se estima adicionando el retorno del carry trade a los tres factores de Fama y French 
y se presenta evidencia empírica a favor del carry trade como un factor adicional que 
explica el retorno de las acciones norte americanas.
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Abstract:
This paper develops a continuous-time asset pricing model for a global economy. 
I  show  that  in  an  integrated  financial  economy  the  returns  on  domestic  stocks 
have a component that compensates investors for its exposure to foreign risk and 
demonstrate that foreign risk is captured by the carry trade return. I use a multi-factor 
asset pricing model to test for foreign risk on U.S. stock returns. I estimate the model 
by adding the carry trade return to the three Fama and French factors. I present 
empirical evidence in favor of the carry trade as an additional factor for U.S. stock 
returns.
JEL: F31, G15, G12.
Keywords: Exchange rates, factor model, carry trade.
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1.  Introduction
A major question in international finance is whether movements in the exchange 
rate influence how domestic assets are priced, that is if there is a premium in the 
asset return reflecting its exposition to exchange rate risk; where exchange rates 
are used to capture foreign risk. As globalization expands and financial markets 
around the world become more integrated, the pricing of foreign risk in domestic 
assets becomes more relevant. What is innovative about the work presented in this 
paper is that, instead of using a portfolio of trade-weighted currencies to proxy for 
exchange rate risk, as is commonly done in the literature, I propose the return on 
a portfolio of carry trades to capture this risk and demonstrate that this portfolio is 
driven exclusively by foreign risk.
Trade-weighted portfolios of currencies depend on part on the flow of goods between 
countries. The carry trade portfolio, on the other hand, is a pure bet on foreign risk. 
Carry trades are strategies implemented by currency speculators who borrow currency 
from countries with low interest rates and convert the currency borrowed to a currency 
from a country with high interest rate to lend it. In the absence of default risk, the 
only source of uncertainty in carry trade investments is movements in the exchange 
rate. In recent years the spread of electronic trading platforms has contributed to an 
unprecedented growth in the trading of currencies and the participation of speculators 
in currency markets. According to a report from the Bank of International Settlements, 
by April 2007 daily turnover in currency markets averaged $3.2 trillion, up 69% from 
April 2004. During the same period, the participation of speculators in currency 
markets, such as hedge funds and mutual funds, more than doubled. Therefore from 
a finance perspective, carry trades appear to be an appropriate choice to capture 
exchange rate risk.
This paper adopts a finance perspective to study the relationship between asset 
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 foreign, each with a collection of 
risky assets driven by both, domestic and foreign risks and a risk-free bank-account 
process paying off in the currency of that country. The key ingredient of the model 
is the stochastic exchange rates that link currencies. Asset pricing theory requires 
that we denominate all assets in a common currency and price them relatively to a 
common asset, usually, but not necessarily, the risk-free asset. The asset used to 
relatively price assets is called the numéraire. Given the choice of numéraire if the 
market is complete and all arbitrage opportunities have been eliminated, there exists 
a unique risk-neutral probability measure for the financial market. Expressed in terms 
of the stochastic discount factor (SDF), if arbitrage opportunities are eliminated and 
markets are complete, there exists a unique stochastic discount factor. Having many 
countries leads to equal number of different choices of numéraire and therefore SDFs.
In this integrated global financial framework, changing the numéraire implies changing 
the currency in which assets are denominated and changing the risk-free asset used 
to discount asset prices. Therefore, changing the stochastic discount factor. Changing 4
the numéraire leads to a relationship between the stochastic discount factors: the 
exchange rate growth is equal to the ratio of the stochastic discount factors. Backus, 
Foresi, and Telmer (2001) derived this relationship in a discrete time model with 
complete markets. For them, as in my model, the stochastic discount factors are 
different  because  they  price  assets  denominated  in  different  currencies.  Brandt, 
Cochrane, and Santa-Clara (2006) also acknowledged this relationship between 
the exchange rate and the stochastic discount factors. However, they identify the 
domestic and foreign stochastic discount factors with the marginal utility growth of 
the representative consumer in the domestic and foreign economies respectively. 
Consequently, they interpret the difference of stochastic discount factors as evidence 
of imperfect risk sharing.
The continuous-time framework allows drawing clear economics interpretations for 
interest rates, asset prices, and the exchange rate. Uncovered interest-rate parity 
(UIP) postulates that expected changes in the exchange-rate exactly offset interest 
rate differentials. According to UIP, the currency from countries with high interest 
rates should depreciate relative to countries with low interest rates in order to offset 
interest rate differentials. However, it has been widely recognized that currencies 
from countries with high interest rates don’t depreciate as much. This phenomenon is 
known in the literature as the forward premium puzzle. In my framework, an exchange-
rate risk premium emerges to explain departures from UIP. The model implies that 
the risk premium arises because investors from different countries price differently 
domestic and foreign risk and this premium reflects the riskiness associated with 
investing in currency from that country. I show that carry trades, which are portfolios 
of currencies with long positions on currencies with a high risk premium and short 
positions in currencies with a low risk premium, are risky investments that load purely 
on foreign risk and therefore are excellent candidates to proxy for foreign risk.
In related work, Lustig, Roussanov and Verdelhan (2009) present a discrete-time 
asset pricing model for currencies and identify the carry trade return as a risk factor 
with pricing implications for currency portfolios. In their model SDFs are driven only 
by two dimensions of risk, domestic-specific risk and global risk and they show that 
carry trades isolate the global dimension of risk. My paper takes a step forward and 
introduces stocks and I show that returns of domestic stocks are bound by foreign risk. 
I show that the risk premium on domestic stock has a component that compensates 
the domestic investor for the stock exposure to foreign risk and propose the carry 
trade return to capture this risk.
In the empirical finance literature there is one current that studies if there is a premium 
in the financial market for being exposed to currency risk, the studies of Jorion (1991), 
Amihud (1993) and Choi, Hakari and Takezawa (1998) are representative. Jorion 
estimates an unconditional multi-factor model using monthly data on American stock 
returns and finds that exchange rate risk is not priced in the U.S. stock market. Amihud 
presents further support for this finding. Choi, Hakari and Takezawa study the pricing 
of exchange rate risk in the Japanese stock market. They estimate an unconditional 
and conditional multi-factor model and find evidence for the pricing of exchange rate 
risk for Japanese stock returns. A common denominator in the literature is that it uses 5
a trade-weighted portfolio of currencies to capture exchange rate risk and there is 
little evidence that exchange rate risk affects U.S. stock prices. This paper tests for 
the pricing of exchange rate risk from a stochastic discount factor specification of a 
conditional linear factor model with carry trades as proxy for exchange rate risk
In the empirical section I estimate a multi-factor asset pricing model for U.S. stock 
returns, with exchange rate risk as one of the factors that explain how assets are 
priced. By adding the return on the carry trade to the standard three Fama and 
French factors (market excess return, SMB and HML) I find evidence of exchange 
risk as a factor for U.S. Stock returns. Since the three Fama and French factors are 
portfolios of domestic assets, by adding the return on the carry trade to these factors 
I intend to capture a global component of risk not present in the other factors. I test 
the model using monthly observations of stock returns and exchanges rates from 
July 1986 to December 2009 and provide evidence that the exchange rate risk is 
priced in this model.
The paper is organized as follows. Section 2 relates the carry trades to the uncovered 
interest rate parity literature and describes how the carry trade portfolio is constructed. 
Section  3  describes  the  factor  pricing  model  and  the  econometric  method  for 
estimating the model. Section 4 describes the data. Section 5 presents the empirical 
findings. Section 6 performs a series of robustness checks. Section 7 concludes.
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where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 
 is the instantaneous risk-free rate in the 
jth foreign country.
Thus far, I have presented each country separately, each one with its own collection 
of risky assets and numéraire denominated in the local currency. In the familiar 
framework in finance, a country is analyzed according to its own collection of assets 
that are denominated in the local currency.  However, in international finance, there 
is more than one currency, and investment opportunities include foreign assets. To 
be comparable, nominal assets need to be expressed in the same currency. To price 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 
 , defined 
as the number of domestic currency units required to purchase one unit of currency 
from country j. The exchange rate is the most important piece of the model.  It links 
the currencies and adds uncertainty to returns on investments made in a different 
currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, 
the nominal exchange-rate process is assumed to be a geometric Brownian motion 
adapted to the filtration generated by the same D-dimensional Brownian motion W 
that drives the risky assets.  The stochastic process for the nominal exchange rate in 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 
 is a linear combination of the two 
underlying components of risk associated with the corresponding pair of countries, 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 
 and country-specific 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 





where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 





where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of 




where   
   is the initial investment and     is the instantaneous risk-free rate in the jth foreign 
country. 
Thus far, I have presented each country separately, each one with its own collection of 
risky assets and numéraire denominated in the local currency.  In the familiar framework in 
finance, a country is analyzed according to its own collection of assets that are denominated in 
the local currency.  However, in international finance, there is more than one currency, and 
investment opportunities include foreign assets.  To be comparable, nominal assets need to be 
expressed  in  the  same  currency.    To  price  assets  in  a  common  currency,  I  introduce  the 
nominal  exchange rate   ,  defined as the  number of domestic  currency  units required  to 
purchase one unit of currency from country j.  The exchange rate is the most important piece 
of the model.  It links the currencies and adds uncertainty to returns on investments made in a 
different currency.  The same asset, when looked at from the perspective of a domestic agent, 
is different when it is looked at from the perspective of a foreign agent.  Formally, the nominal 
exchange-rate process is assumed to be a geometric Brownian motion adapted to the filtration 
generated by the same D-dimensional Brownian motion W that drives the risky assets.  The 
stochastic process for the nominal exchange rate in differential form is given by 
                                                       
      
                 
                                                         
where  the  one-dimensional  Brownian  motion    
    is  a  linear  combination  of  the  two 
underlying  components  of  risk  associated  with  the  corresponding  pair  of  countries, 
representing country-specific risk for the domestic economy   
  and country-specific risk for 
the jth foreign economy    
  .  
   
    
    
      
   
     
       
   
with 
                            
with  this  characterization  of  the  nominal  exchange-rate  process,  we  can  interpret    
    as 
exchange-rate  risk.    The  drift       is  the  instantaneous  expected  rate  of   is the instantaneous expected rate of 
depreciation/appreciation of the domestic currency with respect to the jth foreign 
currency, and the volatility parameter 
10 
 
depreciation/appreciation of the domestic currency with respect to the jth foreign currency, 
and  the  volatility  parameter       is  the  instantaneous  standard  deviation  of  the  rate  of 
depreciation/appreciation of the domestic currency with respect to the     foreign currency.   
 
2.1 The Stochastic Discount Factor 
Modern asset  pricing theory  relies on the  assumption  of no arbitrage.  Although the 
assumption of no arbitrage is enough to yield powerful conclusions, it is a weak assumption 
relative to those usually imposed in economics.  As long as there is a financial market that does 
not  admit  arbitrage,  we  do  not  need  to  include  assumptions  about  agent's  preferences, 
aggregation,  or  how  expectations  are  formed.    The  absence  of  arbitrage  opportunities  is 
enough to yield a model of how assets are priced. 
To make assets prices comparable, we express asset prices in the same currency.  Let   
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currency.  Foreign asset prices are converted to the domestic currency by multiplying by the 
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In this paper, a financial market is a collection of asset-price processes P, defined on a 
filtered probability space          .  There is one integrated financial market in this model 
that can be analyzed  either from the  perspective  of the  domestic  investor, with the  price 
processes denominated in the domestic currency   , or from the perspective of the foreign 
economy, with the price processes denominated in foreign currency      The relevant currency 
to  price  assets  for  an  investor  is  the  one  from  the  country  in  which  the  investor  lives.  
Throughout this exposition, I will adopt the perspective of a domestic investor, an agent who 
lives in the domestic country and cares about payoffs in the domestic currency.  Because of the 
symmetry of the model, the same results would hold if we were to adopt the perspective of a 
foreign investor. 
The basic concept of asset-pricing theory is that discounted asset prices are martingales 
under  an  equivalent  martingale  measure  (EMM),  also  called  the  risk-neutral  probability 
measure. This condition is known as the fundamental equation of asset pricing.  The first 
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where              is the discounted asset-price process.       expresses the nominal price of the 
asset in terms of the numéraire B.  The expectation E in equation     is taken under the risk-
neutral probability measure    . In continuous time, under certain technical conditions that I 
will assume are satisfied, Girsanov's theorem provides a way to construct a EMM. A detailed 
discussion of Girsanov's theorem is found in Shreve (2004) and Protter (2005). In fact, under 
the assumption that markets are complete, the second fundamental theorem of asset pricing 
guarantees that the EMM is unique.   
Instead of changing the true probability measure to the risk-neutral probability measure, 
economists like to express the fundamental equation of asset pricing in terms of the stochastic 
discount factor.  Intuitively, the SDF is the random process that agents use to discount future 
payoffs.  Agents value an asset depending on the circumstances of its payoffs; for example, 
assets that pay in a few bad states but do not pay in many good states are valuable because the 
asset provides a hedge.  Agents are willing to pay insurance even if, on average, it produces 
losses.  The SDF weights payoffs depending on the state, discounting payoffs in good states 
more heavily than payoffs in bad states. Formally, the SDF is a stochastic process Λ, such that, 
under the true probability measure   the SDF-weighted asset prices are martingales; that is, 
                                                                                                                                             
Existence of an EMM and existence of a SDF are equivalent.  Cochrane (2005) advocated 
a SDF approach to asset-pricing theory in an effort to bring finance and economics together.  
Therefore, this paper will also opt for a SDF approach. 
Consider the financial market from the perspective of the domestic investor. The relevant 
price processes and choice of numéraire to derive the SDF in the domestic economy are    
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      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 respectively.The stochastic discount factor in the domestic 
economy is the strictly positive Ito process 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
, given, in differential form, by
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
is interpreted as the instantaneous standard 




and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 is a linear combination of the 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
underlying components of risk priced 
in the domestic economy: the country-specific domestic risk component 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 and the 
country-specific risk component for each of the 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 foreign countries 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 




and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 11
where the volatility parameters 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 




and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 




and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 are the market prices of 
risk in the domestic economy for the domestic risk factor and country’s ith risk factor 
respectively.  This representation of the domestic SDF reflects that in a globalized 
economy, domestic investors consider foreign components of risk to price domestic 
asset. The adapted process 
12 
 
and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 




and    respectively.The stochastic discount factor in the domestic economy is the strictly 
positive Ito process   , given, in differential form, by 
                                                             
      
             
  
                                                       
the drift of the domestic SDF is equal to minus the risk free interest rate in the domestic 
economy and the volatility parameter    is interpreted as the instantaneous standard deviation 
of the rate of growth of the domestic SDF.  The one-dimensional Brownian motion   
  
 is a 
linear  combination  of  the         underlying  components  of  risk  priced  in  the  domestic 
economy:  the  country-specific  domestic  risk  component      and  the  country-specific  risk 
component for each of the   foreign countries    ,            
   
  
 
   
     
     
    
      
  
 
   
 
with 
    
 
       
 
         
 
 
   
 
where the volatility parameters     and      for            are the market prices of risk in the 
domestic economy for the domestic risk factor and country's ith risk factor respectively.  This 
representation of the domestic SDF reflects that in a globalized economy, domestic investors 
consider foreign components of risk to price domestic asset. The adapted process     and 
      for              are  assumed  to  satisfy  the  conditions  of  Girsanov's  theorem.  In  the 
domestic economy only the country-specific components of risk are priced, idiosyncratic risk is 
not, therefore idiosyncratic risk has no pricing implication.   
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of market 
incompleteness to have dimensions of risk that drive asset prices but not the SDF process.  
What  we  need  in  this  model  is  to  have  the  market  price  of  risk  for  the  corresponding 
dimension of risk equals zero, then that dimension of risk drives asset price processes but not 
the SDF.  The assumption that markets are complete guarantees that the domestic market 
prices of risk are unique.  On the other hand, if markets are not complete, there is not a unique 
solution for the domestic market prices of risk. 
 for  are assumed to satisfy 
the conditions of Girsanov’s theorem. In the domestic economy only the country-
specific components of risk are priced, idiosyncratic risk is not, therefore idiosyncratic 
risk has no pricing implication.  
Unlike Brandt and Santa-Clara (2002) we do not need to rely on the assumption of 
market incompleteness to have dimensions of risk that drive asset prices but not 
the SDF process.  What we need in this model is to have the market price of risk for 
the corresponding dimension of risk equals zero, then that dimension of risk drives 
asset price processes but not the SDF.  The assumption that markets are complete 
guarantees that the domestic market prices of risk are unique.  On the other hand, 
if markets are not complete, there is not a unique solution for the domestic market 
prices of risk.
In  the  absence  of  arbitrage  opportunities  and  with  complete  markets,  when  we 
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Let us consider the financial market from the perspective of the foreign investor.   
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economy, we derive the SDF in the jth foreign economy.  In this case, the relevant 
price processes and choice of numéraire to derive the SDF in a foreign economy are 
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that is,  pricing assets denominated  in  the domestic  currency relatively to the  price,  in the 
domestic currency, of an investment in the foreign bank-account process, is identical to pricing 
assets denominated in the foreign currency relatively to the price, in the foreign currency, of an 
investment in the foreign bank-account process.  Equation      says that, in the context of a 
global economy, by choosing a numéraire investors choose two things: the currency in which 
assets are denominated and the risk-free asset used to relatively price all other assets.  Since the 
SDFs  depend  on  the  currency  in  which  asset  prices  are  denominated  and  changing  the 
numéraire  involves  changing  the  currency  used  to  express  asset  prices,  then  changing  the 
numéraire means changing the SDFs.  That is, the SDFs depend on the choice of numéraire. 
Proposition 1 Let    be the SDF for the domestic economy,     the SDF for a foreign economy, and    
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2  
In this framework  SDFs are different  but linked by the  exchange rate  process.   The 
relationship between the stochastic discount factors and the exchange rate   
       
   
    
  is 
equivalent to the  discrete time  derivation  of Backus,  Foresi, and Telmer (2001).  Equation 
                                                           for  the  drift  of  the  exchange  rate  process  is  the 
continuous-time analog of a familiar result in the international finance literature: the expected 
appreciation/depreciation of the currency is equal to the interest-rate differential plus a risk 
premium     .    This  is  the  continuous-time  analog  of  the  uncovered  interest-rate  parity 
condition. 
Equation                                             indicates  that  the  variance  of  the  rate  of 
depreciation/appreciation of the domestic currency with respect to the     foreign currency, is 
the  Euclidean  norm  of  the  difference  on  the  prices  of  risk,  that  is     
            ‖.  
Therefore the volatility of the exchange rate reflects the difference in the prices of risk for the 
two  economies.    Equation        states  that  price  of  risk  in  the  domestic  and  jth  foreign 
economy for country i component of risk are equal, meaning that for any pair of countries they 
price the risk of a third party country equally. 
Equations      and      imply that in order to have a foreign exchange risk premium 
that accounts for the forward premium puzzle, we need that there is at least one dimension of 
risk priced in the domestic economy and not priced equally in the foreign economy.  That is, at 
least one of the components of risk driving the exchange rate must also drive the process for 
the SDF.   
The  most  interesting  parameter  in  the  above  derivation  is  the  foreign-exchange  risk 
premium for the domestic economy with respect to the jth foreign economy    , as in any 
standard asset pricing model the risk premium comes from the co-variation between an asset 
and the  SDF with positive premiums reflecting risky bets and negative  premiums hedges. 
Formally, the differential of the quadratic co-variation process is given by 
                                                                      
                                                           
2 The proof is in the appendix 
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2   The proof is in the appendix15
A negative co-variation between the log of the domestic SDF and the return of 
an asset, indicating that the asset is more likely to pay in good states than in bad 
states; in this sense, the asset is very risky.  On the other hand, if the co-variation is 
positive, then the asset is more likely to pay in bad states than in good states, and 
the asset provides a hedge.   In the model, the foreign-exchange risk premium for a 
pair of countries depends only on the market prices of risk for their corresponding 
country-specific components of risk.  The market price of risk for the any other foreign 
component of risk does not affect the risk premium.  Therefore it is the differences in 
the pricing of the components of risk across countries that can generate differences 
are the risk premiums. A feature empirically documented in the forward premium 
puzzle literature.  
To  summarize,  in  an  integrated  financial  market,  the  exchange  rate  links  the 
numéraire-dependent stochastic discount factors.  Both the drift and the volatility 
of the exchange rate capture the difference in the market prices of risk for the two 
economies.  These differences in the numéraire-dependent SDF lead to premiums 
for investing in foreign assets.  
2.3  Carry trades
For a domestic investor, the most direct way to hedge for foreign exchange risk with 
respect to country j is to invest in the foreign bank-account process of this country.   
The only component of risk driving this asset is foreign-exchange risk 
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The  instantaneous  expected  return  for  this  investment  is  equal  to  the  sum  of  two 
components: the domestic risk-free rate    and the foreign-exchange risk premium for the 
domestic economy with respect to the jth foreign economy    .  As discussed in the previous 
section, the foreign-exchange risk premium can be either positive, negative or zero.  Thus, 
according to the sign of the risk premium, the instantaneous expected return for investing in 
the foreign bank-account process could be higher, lower or equal to the domestic risk-free 
interest rate. 
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negative or zero.  Thus, according to the sign of the risk premium, the instantaneous 
expected return for investing in the foreign bank-account process could be higher, 
lower or equal to the domestic risk-free interest rate.
Next consider a domestic investor that holds a portfolio of currency investments, such 
that the instantaneous excess return on this portfolio is equal a weighted average of 
the instantaneous excess return for currencies in the portfolio. This portfolio is only 
driven by risks driving foreign exchanges.  The investor forms the portfolio according 
to the following rule: first it sorts currencies investments from low to high return, then 16
it takes a position in the foreign bank account for each of countries in the top half on 
the list such that its weight on the portfolio’s return is 
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equation      indicates that the instantaneous rate of return for the carry trade depends only 
on the prices of risk for the foreign components of risk, it does not depend on the market 
price  of  risk  for  the  domestic  component  of  risk    ,  additionally,  by  construction,  the 
instantaneous rate of return for the carry trade is positive meaning that carry trades are risky 
bets that load purely on foreign  risk.   Lustig,  Roussanov  and Verdelhan (2009) present a 
discrete-time model where they also show that carry trades only depend on non-domestic 
components of risk.  The conclusion of this section suggest that carry trades are an appropriate 
choice to capture the international components of risk on the exchange rates.  In the next 
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, 
additionally, by construction, the instantaneous rate of return for the carry trade is 
positive meaning that carry trades are risky bets that load purely on foreign risk.   
Lustig, Roussanov and Verdelhan (2009) present a discrete-time model where they 
also show that carry trades only depend on non-domestic components of risk.  The 
conclusion of this section suggest that carry trades are an appropriate choice to 
capture the international components of risk on the exchange rates.  In the next 
section I estimate a linear factor model with the carry trade as a risk factor for U.S. 
stock returns capturing international risk.
3. Linear factor model
Using a linear approximation of the SDF presented in the previous section, in this 
section I estimate a linear factor model where I introduce the carry trade as a risk 
factor for U.S. stock returns.17
3.1 Carry trade portfolio returns
Uncovered Interest rate Parity (UIP) postulates that expected movements in the 
exchange  rate  exactly  offset  the  interest  rate  differential  and  consequently  there 
are no positive expected returns for investing in a carry trade strategy.  However, 
several empirical studies have rejected this theory: interest rate differentials are not 
completely offset by movements in the foreign exchange, in fact it has been found 
that countries with high interest rate have a larger risk premium that countries with 
low interest rates. Engel (96) provides a survey of the literature.  
To construct the portfolio of carry trades I consider a U.S. investor that can freely 
borrow or lend currency from many countries.  Extending the carry trade strategy 
illustrated in the previous section the U.S. investor will borrow currency from countries 
with low interest rates and convert that currency to U.S. Dollars, the investor also 
takes U.S. Dollars and convert it to currency from countries with high interest rates 
and lend it.  Assume that H is the number of countries with high interest rates and L 
is the number of countries with low interest rates.  
I  collected  data  on  interest  rates  and  exchange  rates  from  the  Global  Financial 
Data  library.    My  data  set  consists  of  monthly  observations  from  July  1986  to 
December 2009 for exchange rates and interest rates for 10 OECD high income 
countries.  The proxy for the foreign risk-free interest rate is the yield on a three 
month government issued bond.  Table 1 presents the mean and standard deviation 
for the average difference between the foreign interest rate and the U.S. interest 
rate  .3  Average interest rates for most countries were higher than the 
U.S. interest rate with only two countries having a lower average interest rate than 
the U.S., Japan and Switzerland.  Average interest rate differentials with respect 
to the U.S. range from -2.50% in Japan to 4.08% in New Zealand.  The volatilities 














3   Countries from the European monetary union using the Euro are grouped as a single country.  Be-  Countries from the European monetary union using the Euro are grouped as a single country.  Be-
fore the introduction of the Euro in 1999, the currency is set to be a basket of currencies.18
Table 1: Summary Statistics: Interest rate differentials
 
Mean 
%   Std. %  
Mean 





Canada 1.06 1.75 Norway 2.46 3.12
Denmark 2.18 3.49 Sweden 1.85 3.03
Europe 0.99 1.96 Switzerland -1.21 2.21
Japan -2.5   2.07 UK 2.38   1.92
Annualized mean and standard deviation in percentage of 
the difference between the foreign interest rate and the U.S. 
interest rate.  The interest rate is defined as the yield on a three 
month government issued bond. Data on interest rates was 
collected from the Global Financial Data Library.  Sample is 
monthly from July 1986 to December 2009. 
 
To construct the carry trade portfolio I follow the following procedure.  At the beginning 
of every month the U.S. investor sorts countries from high interest rate to low interest 
rate.   The  investors  borrow  currency  from  the  countries  that  rank  below  the  33 
percentile and convert that currency into U.S. Dollars. The investor also converts U.S. 
Dollars into currency for countries that rank above the 66 percentile where he lends 
the currency. I defined the return on this carry trade portfolio as the spread in the 
returns for investing in currencies with high interest rates with respect to the return 
for investing in currencies with low interest rates.  Table 2 presents the annualized 
mean excess return, the standard deviation and the excess return per unit of risk, 
defined as the ratio between the mean excess return to its standard deviation, for 
the portfolios of currencies as well as the market portfolio.  The first three rows 
correspond to the excess returns, over the U.S. risk-free interest rate 
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We can observe two features when we compare the returns for the portfolios of 
currencies in the first three rows of the table. The first feature is that the higher 
the foreign interest rates the higher the return for investing in currency for those 
countries.  The excess return is lowest and negative for investing in countries with 
low interest rates -0.47% and highest and positive for investing in countries with 
high interest rates 5.35%. This feature is consistent with the findings documented in 
the forward premium puzzle literature and implies that countries with high interest 
rates have a higher currency premium.  The second feature is that by looking at the 
volatilities for the currency portfolios, all these investments appear to be similarly 
risky, with the volatility of the return for investing in a portfolio of currencies with 
low interest rates 8.84%, slightly lower than the volatility of the return for investing 
in a portfolio of currencies with high interest rates 9.83%.  The Sharpe ratios for the 
investments in the portfolios of currencies increase as the interest rate increases, 
making investments in currencies with high interest rates more attractive.
When we compare the return for investing in currency portfolios to the return for 
investing in the stock market we observe that an investment in the market portfolio 
has a mean excess return of 4.69%, lower than the mean excess return for portfolio 
of currencies with high interest rates 5.35% and the carry trade return.  However the 
investment in the market portfolio has a higher volatility than any currency portfolio 
16.02%.  In fact the volatility of the market portfolio return is almost double the 
volatility of any currency portfolio return.
The fourth row of the table presents the carry trade return.  It has a mean return 
of 5.61% and a standard deviation of 8.11%.  It has a low volatility compare to the 20
investments listed in the table and the highest ratio of excess return to standard 
deviation   Under this criteria it is the most attractive investment.  
   
3.2   Stochastic Discount Factor Approximation
Equation , called the pricing equation, states that the price of any asset is equal to 
the conditional expectation of its future SDF-weighted payoffs.  Factor models are 
models of the SDF that are linear in factors.  A factor is a variable that captures a 
dimension of risk that influences how assets are priced.  Integrating the process for 
the domestic SDF in (8) we have 
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       is the conditional 
expectation of the factor.  Cochrane calls    the factor loading for the     risk factor.  When 
we use asset returns as mimicking factors,       
        
         
        
        
  , the linear 
factor model of the stochastic discount factor links to the more familiar beta representation of 
asset returns.  In the beta representation, the expected excess return of an asset over the risk-
free interest rate    
      
              is equal to sum of the factor-prices of risk    times the 
    exposure of asset to the corresponding risk factor.  
                                                                        
               
 
   
                                                        
where    
  is the excess return of the jth asset.  The beta    , which is specific to the asset, 
captures how the return of the jth asset reacts to shocks on the corresponding risk factor  .  
The factor-price of risk   , which does not depend on the asset, reflects the compensation on 
the expected excess return of any asset for its exposure to the lth risk.  In chapter 6 of his 
book Cochrane (2005) describes how we can go from the SDF representation to the beta 
representation of excess returns and shows that factor-prices of risks are linear in the factor 
loadings.
4 
Empirically, this link allows us to go from estimates of the factor loading to estimates of 
the factor-prices of risk.    
                                                           
4 Formally, let                  ] be the vector of the factor loading coefficients and     
               the vector of the mimicking factors, then                          where 
                    is the vector with the factor-prices of risk. 
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The factor-price of risk   , which does not depend on the asset, reflects the compensation on 
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portfolio of carry trades as constructed in section 2.3 . In addition to the foreign 
exchange risk factor I consider the three Fama and French factors, which are 
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, is the simple average of the 
difference between the yield on a 3 month foreign government issued bond 
and the yield on a 3 month U.S. government issued bond for 10 OECD high 
income countries.  The fourth instrument is a constant.  To avoid problems 
with non stationary variables I use the first difference for the instruments term 
premium and average interest rate differential.
The sample is comprised of monthly observations from July 1986 to December 
2009.  The data for the Fama and French factors and test assets was obtained 
from Kenneth French’s data library.  The data on the term premium and average 
interest rate differential was collected from the Global Financial Data library.   
The sample span is a period long enough to cover different phases for the 
U.S. economy and the stock market.  There are three periods of recessions 
in the sample as defined by the NBER, 1990-1991, 2001 and the 2001-2009 
recessions.  The last one is labeled as the more severe recession since the 
great depression.  The sample includes the bursting of the NASDAQ and 
housing bubble in 2000 and 2007 respectively as well as periods of high 
returns in the 90s.
Table 3 presents the mean and standard deviation for the instruments and 
risk factors outlined above.  The first four rows correspond to statistics for the 
factors of risk and the bottom three rows for the statistics for the instruments.   
The mean is positive for all risk factors except SMB. The risk factor with the 
highest volatility is the market excess return, 16.02% while the volatility for 
all the other factors is similar in magnitude and between 8% and 11%.  For 
the instruments, the negative mean for the average interest rate differential 
indicates that over the sample period the average spread between the foreign 
and  U.S.  interest  rates  has  decreased.   The  mean  for  the  term  premium 
indicates that on average the spread between the yield on the long term bond 
and short term bond has maintained.24
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  Factors of Risk    Instruments 
                                                                  
        1.000                         
        0.278    1.000                     
        0.082    0.221    1.000                 
        -0.012    -0.327    -0.311    1.000             
       0.022    0.191    0.051    -0.045    1.000         
       0.109    -0.066    0.006    -0.049    -0.027    1.000     
      0.088    0.105    0.048    0.041    0.001    -0.133    1.000 
Correlation coefficients between factors and instruments.         is the return on the 
carry trade portfolio.         is the excess return in the value-weigthed market portfolio.  
       is the return in the portfolio that is long small companies and short big companies. 
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       is the return in the portfolio that is long companies with high book-to-market ratio 
and short companies with low book-to-market ratio.        is the first difference of the 
average interest rate differential of 10 OECD countries with the U.S.        is the first 
difference of the spread between the yield on a 30 year U.S. government issue bond and a 3 
month U.S. government issued bond.        is the excess return on the value-weighted 
market portfolio lag one period.  Data is monthly from July 1986 to December 2009. 
                
Table  4    presents  the  correlation  coefficients  for  factors  and  instruments.    The  first 
column of the table reports the correlation coefficient of the carry trade returns and the other 
factors and instruments.  There is little correlation between the carry trade return and the Fama 
and French factors.  The highest correlation of the carry trade return is with the market excess 
return, 0.278 and it is the only one significantly different from zero.  The correlation of carry 
trade return with the returns on the SMB and HML portfolios is close to zero.  The correlation 
of the carry trade factor and the instruments is also close to zero.  This result suggests that if 
the carry trade return proves to be a factor for U.S. stock returns, then the carry trade return 
will be capturing a dimension of risk that is not captured by the Fama and French factors.  The 
correlations of the risk factors and the instruments range from -0.07 to 0.1, suggesting little 
correlation of the instruments with the factors of risk. 
 
5. Empirical Findings 
5.1 Unconditional Model 
Table 5 presents the GMM estimates and tests of the factor loadings (b) and the factor 
prices of risk (λ) for the unconditional model.  Part a. of the table presents the factor loading 
estimates (rows 1 to 4).  Part b of the table presents the estimates for factor prices of risk that 
are derived from the factor loading estimates as described in section 3.3 (rows 5 to 8).  Part c 
of the table reports the tests on the pricing errors: root mean square pricing error (mspe) in 
row  9,  mean  absolute  pricing  error  (mape)  in  row  10,  Hansen's  test  of  over-identifying 
restrictions (J) in row 11, and the p-value associated with the J statistic in row 12.  The third 
column of the table presents the estimates for equation     , the model with the three Fama 
and French factors and the carry trade factor (F&F+CTP).  Both the factor loading coefficient 
for the carry trade factor and its price of risk are positive and statistically significant. The 
 is the return in the portfolio that is long companies with 
high book-to-market ratio and short companies with low book-to-market ratio. 
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(F&F+CTP).  Both the factor loading coefficient for the carry trade factor and 
its price of risk are positive and statistically significant. The significance of the 
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significance of the estimate for the factor loading coefficient (           ) indicates that, in 
the presence of the three Fama and French factors, the carry trade return is a risk-factor for 
pricing U.S. stock returns.  The corresponding estimate for the factor prices of risk coefficient 
              indicates that the excess return that investors demand to be compensated for 
being exposed to exchange rate risk is about 8.64% annually.  The estimates for the carry trade 
factor loading and its price of risk are higher than the corresponding estimates for the other 
risk  factors.    Hansen's  test  of  over-identifying  restrictions  indicates  that  the  model  is  not 
rejected with a p-value of 42%. 
The third column of Table 5 presents the estimates for the standard Fama and French 
three factor model (F&F).   As found in  the  recent empirical  finance literature, the  factor 
loading  estimates  for  the  market  excess  return  and  HML  are  positive  and  statistically 
significant, while the estimate for SMB is not significantly different from zero.  Compared to 
the Fama and French three factor model, the factor loading estimates for the market excess 
return, SMB and HML are similar in magnitude and significance.  This feature indicates that 
the carry trade risk factor might be capturing a dimension of risk relatively independent of the 
three Fama and French risk factors.  Based on the statistics for the mean root square pricing 
errors (mspe) and mean absolute pricing errors (mape), the model with the carry trade has a 
better fit than the Fama and French three factor model.  For the model with the carry trade 
factor the mean root square pricing errors and mean absolute pricing errors are 2.09% and 
1.67% respectively.  The table also presents in the first column the estimates for the traditional 
capital asset pricing model (CAPM) of William Sharpe.  In the CAPM model the only risk 
factor is the return on the market portfolio.  The market factor loading and the market price of 
risk estimates are both positive and statistically significant.  Compared to the other models the 
CAPM has the worst fit.   
 
5.2 Conditional Model 
In the conditional model instrumental variables are used to scale returns.  These scale 
returns have the interpretation of returns on managed portfolios. For these managed portfolios 
the investor adjusts her positions depending on the information that she has available at a 
given point in time.  The instrumental variables that the econometrician observes are a proxy 
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for the information set available to the investor. I consider four instruments: a constant,      , 
      and     . Table 6 reports the instrumented GMM estimates of the factor loadings and 
the factor prices of risk for the CAPM, Fama and French three factor model and the model 
with the carry trade risk-factor.  The third column presents the estimates for the conditional 
model with the carry trade risk-factor (F&F+CTP).  The parameter estimates for the factor 
loading and prices of risk are similar in significance and magnitude to the estimates in the 
unconditional model.  The estimate for the factor loading coefficient for the carry trade is 
               and the estimate for the carry trade price of risk is                For the 
market,  HML  and  the  carry  trade  risk-factors,  the  estimates  are  positive  and  statistically 
significant, while the estimates for the SMB risk-factor is not significantly different from zero, 
as in the unconditional model. 
 
Table 5: Unconditional Linear Factor Model GMM 
(Monthly) 
  CAPM     F&F     F&F+CTP 
a. Factor Loadings          
Market  3.56*    4.18**    2.14 
  [1.36]    [1.53]    [1.96] 
SMB      1.99    1.62 
      [1.64]    [1.71] 
HML      7.18*    6.12** 
      [2.60]    [2.62] 
Carry trade            12.91*** 
          [7.22] 
b. Factor Prices of risk (%)          
Market  0.67*    0.55**    0.54** 
  [0.26]    [0.24]    [0.25] 
SMB      0.1    0.09 
      [0.14]    [0.14] 
HML      0.46**    0.45** 
      [0.19]    [0.19] 
Carry trade          0.76** 
          [0.36] 
c. Pricing Errors          
mspe  3.42    2.55    2.36 
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. Table 6 reports the instrumented GMM estimates of the 
factor loadings and the factor prices of risk for the CAPM, Fama and French 
three factor model and the model with the carry trade risk-factor.  The third 
column presents the estimates for the conditional model with the carry trade 
risk-factor (F&F+CTP).  The parameter estimates for the factor loading and 
prices of risk  are similar in significance and magnitude to the estimates in 
the unconditional model.  The estimate for the factor loading coefficient for 
the carry trade is 
30 
 
for the information set available to the investor. I consider four instruments: a constant,      , 
      and     . Table 6 reports the instrumented GMM estimates of the factor loadings and 
the factor prices of risk for the CAPM, Fama and French three factor model and the model 
with the carry trade risk-factor.  The third column presents the estimates for the conditional 
model with the carry trade risk-factor (F&F+CTP).  The parameter estimates for the factor 
loading and prices of risk are similar in significance and magnitude to the estimates in the 
unconditional model.  The estimate for the factor loading coefficient for the carry trade is 
               and the estimate for the carry trade price of risk is                For the 
market,  HML  and  the  carry  trade  risk-factors,  the  estimates  are  positive  and  statistically 
significant, while the estimates for the SMB risk-factor is not significantly different from zero, 
as in the unconditional model. 
 
Table 5: Unconditional Linear Factor Model GMM 
(Monthly) 
  CAPM     F&F     F&F+CTP 
a. Factor Loadings          
Market  3.56*    4.18**    2.14 
  [1.36]    [1.53]    [1.96] 
SMB      1.99    1.62 
      [1.64]    [1.71] 
HML      7.18*    6.12** 
      [2.60]    [2.62] 
Carry trade            12.91*** 
          [7.22] 
b. Factor Prices of risk (%)          
Market  0.67*    0.55**    0.54** 
  [0.26]    [0.24]    [0.25] 
SMB      0.1    0.09 
      [0.14]    [0.14] 
HML      0.46**    0.45** 
      [0.19]    [0.19] 
Carry trade          0.76** 
          [0.36] 
c. Pricing Errors          
mspe  3.42    2.55    2.36 
mape  2.37    1.96    1.81 




for the information set available to the investor. I consider four instruments: a constant,      , 
      and     . Table 6 reports the instrumented GMM estimates of the factor loadings and 
the factor prices of risk for the CAPM, Fama and French three factor model and the model 
with the carry trade risk-factor.  The third column presents the estimates for the conditional 
model with the carry trade risk-factor (F&F+CTP).  The parameter estimates for the factor 
loading and prices of risk are similar in significance and magnitude to the estimates in the 
unconditional model.  The estimate for the factor loading coefficient for the carry trade is 
               and the estimate for the carry trade price of risk is                For the 
market,  HML  and  the  carry  trade  risk-factors,  the  estimates  are  positive  and  statistically 
significant, while the estimates for the SMB risk-factor is not significantly different from zero, 
as in the unconditional model. 
 
Table 5: Unconditional Linear Factor Model GMM 
(Monthly) 
  CAPM     F&F     F&F+CTP 
a. Factor Loadings          
Market  3.56*    4.18**    2.14 
  [1.36]    [1.53]    [1.96] 
SMB      1.99    1.62 
      [1.64]    [1.71] 
HML      7.18*    6.12** 
      [2.60]    [2.62] 
Carry trade            12.91*** 
          [7.22] 
b. Factor Prices of risk (%)          
Market  0.67*    0.55**    0.54** 
  [0.26]    [0.24]    [0.25] 
SMB      0.1    0.09 
      [0.14]    [0.14] 
HML      0.46**    0.45** 
      [0.19]    [0.19] 
Carry trade          0.76** 
          [0.36] 
c. Pricing Errors          
mspe  3.42    2.55    2.36 
mape  2.37    1.96    1.81 
. For the market, HML and the carry trade risk-factors, the 
estimates are positive and statistically significant, while the estimates for the 
SMB risk-factor is not significantly different from zero, as in the unconditional 
model.27
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b. Factor Prices of risk (%)    








c. Pricing Errors    
mspe 3.42 2.55 2.36
mape 2.37 1.96 1.81
J 35.89 32.51 28.15
p-value 5.62 6.9 13.58
Two stage GMM estimates of the unconditional linear factor model.  The 
choice of the bandwidth to estimate the covariance matrix is selected as 
in Newey-West (94).  Panel a. of the table presents the estimates for the 
factor loading coefficients.  Panel b. presents the estimates for the factor 
prices of risk.  Panel c. presents the mean square pricing errors (mspe), 
mean absolute pricing errors (mape), J-test for over-identifiying restrictions 
and its p-value.  Standard errors are in brackets .  * and ** indicate 
statistical significance at the 10% and 5% levels respectively.  The Sample 
is from monthly observations from February 1984 to December 2007 .28
Table 6: Conditional Linear Factor Model GMM (Monthly)
CAPM F&F F&F+CTP
a. Factor Loadings    
Market 3.45* 3.94* 2.06**
[0.87] [0.91] [0.94]






b. Factor Prices of risk (%)    








c. Pricing Errors    
mspe 1.96 1.43 1.36
mape 0.91 0.73 0.7
J 41.67 36.21 32.1
p-value 99 99 99
Two stage GMM estimates of the conditional linear factor model.  The 
instruments are a constant, Z^{diff},Z^{Term} and Z^{Lag}.  The choice of 
the bandwidth to estimate the covariance matrix is selected as in Newey-
West (94).  Panel a. of the table presents the estimates for the factor 
loading coefficients.  Panel b. presents the estimates for the factor prices 
of risk.  Panel c. presents the mean square pricing errors (mspe), mean 
absolute pricing errors (mape), J-test for over-identifiying restrictions and 
its p-value.  Standard errors are in brackets .  * and ** indicate statistical 
significance at the 10% and 5% levels respectively.  The Sample is from 
monthly observations from February 1984 to December 2007 . 29
All the factor loading coefficients for the Fama and French three factor model 
are positive and statistically significant.  However the estimate coefficients for 
the prices of risk are only significant for the market and HML risk factor, as in 
the unconditional model. Compared to the conditional estimates of the Fama 
and French three factor model, the conditional estimates for the model with 
the carry trade risk-factor are similar in magnitude and significance.  The fit of 
the Fama and French three factor model and the model with the carry trade is 
very similar, and the models are not rejected.  
6.  Robustness
In this section I go through a number of robustness checks.  First I re-estimate 
the model using the Fama-McBeth technique and next I consider an alternative 
specification of the portfolio to capture exchange rate risk.
6.1  Fama and McBeth
In this section I re-estimate the model using the Fama-McBeth estimation technique 
(1973).  This estimation technique is widely implemented in the empirical finance 
literature.  The objective with the Fama-McBeth estimation procedure is to estimate 
the factor-prices of risk 
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average of the cross-sectional estimates of the factor prices of risk as an estimator for the 
factor-prices of risk                 
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Table 7: Fama and McBeth Estimates of Linear Factor Model
 










Test on Pricing Errors  
χ² 107 107
p-value 21.41 20.07
Monthly estimates of the factor prices of risk using the Fama and 
McBeth technique. The top panel presents the factor prices of risk 
estimates with standard errors in brackets. * and ** indicate statistical 
significance at the 10% and 5% levels respectively.  The bottom panel 
presents the test on the pricing errors χ² and its p-value. The sample 
is monthly from July 1986 to December 2009. 
Table 7 presents the monthly estimates for the factor-prices of risk from the Fama-
McBeth procedure.  I report the estimates for the Fama and French three factor 
model and the model with the carry trade risk-factor.  The two columns of the table 
reports the estimates from monthly observations of the returns for the Fama and 
French model and the model with the carry trade.   For the estimation of the model 
with the carry trade factor with monthly returns, the factor prices of risk estimates are 
very close in magnitude and with identical sign to the conditional GMM estimates of 
Table 6.  However, the standard errors are larger in the Fama McBeth estimation than 
in the GMM estimation. Consequently, the level of significance for the factor prices 
of risk for the HML and the carry trade risk-factors are lower, though still statistically 
significant for the market and the carry trade factor.  As with the GMM estimation the 
model is not rejected. 
The first column present the estimates for the Fama and French three factor model 
for monthly observations of the returns.  The coefficients of these estimates are close 
in magnitude and significance to the corresponding estimates of the model with 
the carry trade.  Since adding the carry trade risk factor to the Fama and French 
model does not alter dramatically the estimates for the market, SMB, and HML factor 31
prices of risk, we can interpret this feature as evidence that the carry trade risk factor 
captures a dimension of risk not captured by the three Fama and French factors.
6.2  Traded-weighted Portfolio
In this section I consider an alternative specification for the factor that captures 
currency risk.  As is commonly done in the literature I will use the return on a portfolio 
of investments in foreign currencies weighted based on the share of the trade of 
goods between the foreign country and the U.S.  To construct this portfolio I consider 
the same 10 OECD high income countries that I used to construct the carry trade 
portfolio over the same period of time, July 1986 to December 2009.  The size of the 
trade between two countries is considered to be the sum of the total value of the 
exports and imports between the two countries.  The trade-weighted portfolio has a 
annualized mean excess return of 2.11% with an annualized standard deviation of 
7.19%. The correlation between the return on the trade-weighted portfolio and the 
carry trade return is 1.53%. 
Following the specification for the model with the carry trade risk factor I consider 
a  model  that  adds  the  trade-weighted  risk-factor  to  the  three  Fama  and  French 
factors.  Table Table 8 reports the conditional and unconditional GMM estimates for 
the factor loading coefficients and the prices of risk for the model with the trade-
weighted portfolio.  The first two columns presents the estimates for the model with 
daily observations and the third and fourth columns presents the estimates for the 
model with monthly observations.  When we use the trade-weighted portfolio to 
capture exchange rate risk, only the conditional model with monthly observations 
presents evidence for the trade-weighted portfolio as a factor for U.S. stock returns.   
For this estimation the factor loading coefficient for the trade-weighted risk-factor is 
positive and statistically significant 
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deviation of 7.19%. The correlation between the return on the trade-weighted portfolio and 
the carry trade return is 1.53%.  
Following the specification for the model with the carry trade risk factor I consider a 
model that adds the trade-weighted risk-factor to the three Fama and French factors.  Table 
Table  8  reports  the  conditional  and  unconditional  GMM  estimates  for  the  factor  loading 
coefficients and the prices of risk for the model with the trade-weighted portfolio.  The first 
two columns presents the estimates for the model with daily observations and the third and 
fourth columns presents the estimates for the model with monthly observations.  When we use 
the trade-weighted portfolio to capture exchange rate risk, only the conditional model with 
monthly observations presents evidence for the trade-weighted portfolio as a factor for U.S. 
stock returns.  For this estimation the factor loading coefficient for the trade-weighted risk-
factor is positive and statistically significant               and the model is not rejected.  For 
the  unconditional  estimation  with  both  daily  and  monthly  returns  and  the  conditional 
 and the model is not rejected.  For 
the unconditional estimation with both daily and monthly returns and the conditional 
estimation with daily returns, we cannot find evidence for exchange rate risk as a 
factor for US stock.32
Table 8: Trade-Weighted Estimates GMM
Unconditional Conditional























Two stage GMM estimates of the unconditional and conditional linear factor 
models.  The proxy for exchange rate risk is the trade-weighted portfolio of 
currencies.  The choice of the bandwidth to estimate the covariance matrix 
is selected as in Newey-West (94).  Panel a. presents the estimates for the 
factor loading coefficients.  Panel b. presents the estimates for the factor 
prices of risk.  Panel c. presents the mean square pricing errors (mspe), 
mean absolute pricing errors (mape), J-test for over-identifiying restrictions 
and its p-value.  Standard errors are in brackets.  * and ** indicate statistical 
significance at the 10% and 5% levels respectively.  The sample is daily and 
monthly from February 1984 to December 2007 .33
As with the GMM estimates with the carry trade risk factor, the models with daily 
observations are rejected and the models with monthly observations are not rejected.
Comparing the estimates with the trade-weighted risk-factor and the carry trade 
risk factor I find that under the trade weighted risk factor the estimates are less 
robust than the estimates with the carry trade risk-factor.  The results of this section 
are consistent with the findings of Jorion (96) and Chow, Lee, Solt (1997). Using a 
portfolio of trade-weighted currencies to proxy for exchange rate risk they only find 
evidence of exchange rate risk as a factor for U.S. stock returns from conditional 
models and long horizons.
7.  Conclusions
This  paper  presents  a  continuous-time  model  of  asset  return  processes  in  a 
global economy, based on the technique of change of numéraire. If all arbitrage 
opportunities  have  been  eliminated,  markets  are  complete  and  all  assets  are 
expressed in a common currency, then there is a unique stochastic discount factor 
process that prices all assets. However the representation of the stochastic discount 
factor depends on the currency used to express assets.
The model yields a continuous time analog of the uncovered interest rate parity 
condition, where there is an exchange rate premium that compensate investors for 
being exposed to currency risk. I demonstrate that the foreign exchange risk premium 
reflects that different countries price differently the same dimensions of risk.  From 
here I show that carry trades are portfolios of currencies that capture purely foreign 
dimensions of risk.
An SDF estimation of a factor model with exchange rate risk as a factor for U.S. 
stock returns presents evidence that when exchange rate risk is captured with the 
return on a carry trade portfolio, exchange rate risk is a factor for U.S. stock returns.   
More precisely, the return on the carry trade is a factor for U.S. stock returns in the 
conditional GMM estimation with monthly observations of the returns.  By capturing 
foreign exchange risk with a portfolio of carry trades rather than with the return on 
a trade-weighted portfolio of currencies, we are capturing non-domestic dimensions 
of risk that affect how assets are priced.  The empirical findings of this paper also 
suggest that the return on the carry trade captures a dimension of risk not captured 
by the three Fama and French risk factors.34
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